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SECTION 1
GENERAL DESCRIPTION

1-1. General (See Figure 1-1)

The X-Y Recorder (plotting board) is designed to present a
continuous plot of functions by automatically positioning

two pairs of pens according to the two variable inputs, X

and Y. The plotting surface is located in the upper vertical
portion of the board. All operating controls are located on
the front sloping surface. However, certain maintenance ad-
Justment controls are located within the cabinet, on their
associated chassis. The various electrical chassis are
located in the lower portion of the rack. These chassis are
accessible through the two doors in the lower vertical part

of the equipment,.
1-2. Control Unit

The control chassis is located in the center of the sloping
front surface directly below the plotting board. The chassis
rides on tracks, and can be pulled out for méintenance with-
out disconnecting the wiring. All electrical connections

to the chassis are made through two MS3102A connectors. With
the exception of scale factor and parallax controls, most
Recorder operating controls are incorporated in this chassis.
Two reference dual D-C amplifiers (5 and 6, figure 2-1) are

integral parts of this chassis.




SCALE FACTOR
AND PARALLAX

CONTROL
PANEL

Figure 1-1. X-Y Recorder




1-3. Scale Factor and Parallax Chassis.

The Scale Factor and Parallax Chassis is located on the left

side of the control chassis. The necessary d-c amplifiers 1
through 4, figure 2-1 are incorporated in this chassis. Elec-
trical connections to this chassis are made through MS3102A
connectors. Each parallax unit incorporates an indicator

light, which is on when that unit is operating. A parallax-
adjust toggle switch serves to remove the inputs from the circuit

when independent parallax adjustment is desired.

1-4. Servo Supply 15-72A (See Figure 1-2)

The Servo Supply is housed in a 14 X 2 1/2 inch chassis, bolted

to the bottom of the Recorder cabinet by four retaining bolts.

The unit can be removed for servicing by loosening these retain-
ing bolts. The connecting cable is long enough so that this may
be done without disconnecting the chassis. The large loop handles
enable the chassis to be inverted for servicing without damage

to components.

1-5. Power Supply 15-71A (See Figure 1-3).

The 15-71A Power Supply is contained in a 16 X 13 X 2 1/2 inch
chassis which is bolted to the bottom of the Recorder cabinet
by four retaining bolts. The supply can be removed, without

disconnecting the cable, by loosening the retaining bolts.



The loop handles enable the supply to be inverted for servie-
ing without damaging components. All connections to the supply

are made through connector MS3102A32-13P.
1-6. Servo Amplifier 15-31A (See Figure 1-4)

The Servo Amplifier is housed on an 8 X 13 X 2 1/2 inch chassis,
bolted to the bottom of the Recorder cabinet by four retaining
bolts. The amplifier can be rembved. without disconnecting

the cable, by loosening the retaining bolts. The loop handles
enable the amplifier to be inverted for servicing without

damaging components.

VACUUM POWER SERVO SERVO
PUMP SUPPLY SUPPLY AMPLIFIER

Figure 1-1A. Lower Portion of X-Y Recorder Rack
(Showing Enclosed Chassis)




Figure 1-2. Servo Supply
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Figure 1-3. Power Supply
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Figure 1-4. Servo Amplifier




SECTION IT
THEORY OF OPERATION

2-1. General

The X-Y Recorder is essentially composed of two c¢losed loop
servo systems. One system positions the pen (Y plot) and the
other positions the arm (X plot) on which the pen moves. The
position of the pen at any instant is, therefore, the result-
ant of the arm and pen positions. The locus of all pen posi-
tions (for "f," some function) is a continuous line; i.e., a

graph of the function y = f (x).

In addition, the Recorder is capable of performing the follow-
ing tasks: parallaxing the plot, that is, shifting the origin;
changing the scale factor so as to expand or contract the plot
without distortion; switching plotted functions from one pen
arm to the other; and raising and lowering the pens either

manually or automatically.
2-2. Operation (See Figure 2-1)

Each arm and pen operates identically; therefore, only the

left arm and pen are described.

The Y; signal is applied to the Y, scale factor circuit which
functions as a multiplier for the Y, signal. A parallax
voltage, which can be either positive or negative, is added
(if desired) to the scaled Y1 signal. Amplifiers 3, 4, 5 and
6 are part of the scale factor and paralléx network. The

modified Y, signal is routed to the interchange circuit. This



Section IT

circuit acts as a single~pole double-throw toggle switch which
applies the Y; signal either to the Y] or Yo pen Servo Ampli-
fier. Normally, when plotted functions are not interchanged,
the Y, signal is app]ied to the Y, amplifier, provided the ARM
1 switch is in the OPERATE position. The output of the Y,
Servo Amplifier drives the servo motor and is also applied to
the pen 1lift circuit. The Y; servo motor, while positioning
the Y, pen, also positions the wiper of the feedback potentiom-
eter which applies feedback voltage to the Y, Servo Amplifier.
The effective input to the Y| Servo Amplifier is the resultant
of the signal and feedback voltages. The Y; servo motor
constantly drives the feedback potentiometer to produce a feed-
back voltage equal to the signal voltage, at which point the

motor, pen and potentiometer will be at rest.

Amplifiers 5 and 6 produce positive and negative reference
voltages which are distributed to all feedback potentiometers
and parallax circuits. The parallax switches apply either the
negative or positive voltage to their associated circuits.

The polarity of the applied reference controls the direction

of parallax.

The outputs of the Servo Amplifiers have the secondary function
of controlling the pen 1ift circuits. In the automatic mode

of operation, any extremely large resultant input to the Servo
Amplifier causes the pens to raise. This function prevents
unwanted marks on the tracing paper, since the large resultant

causes the servo motor to slew. A large resultant input

10
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Section I1
(produced by a sudden change of signal input) causes a large

output of the amplifier. When such a large output is applied

to the pen lift circuit the associated pen is raised by relay
action. When the ARM 1 switch is in the OPERATE position,

input signals are abplied to the Servo Amplifiers. When the

switch is placed in STANDBY, signal input is removed, and ampli-~
fier signal input grounded. The entire feedback voltage is hence
felt at the amplifier input. The high output applied to the auto
pen-lift'amplifier actuates the circuit to raise the pen when the
auto pen featu}e is used. Simultaneously, the motor slews to drive
the feedback potentiometer wiper to the ground position. The right
hand pole of the ARM 1 switch applies a negative voltage to the

X1 servo amplifier which is approximately equal to the servo
reference voltage. This causes the arm to slew to the extreme
left side of the board. Since a grounded input to the Y1

amplifier corresponds to the central pen position, and the

negative input to the X1 amplifier corresponds to the extreme

left arm position, the STANDBY bosition of the ARM 1 switch

causes the pen to move to the center of the arm and drives the

arm to the left side of the plotting surface.

The main difference between the X and Y channels is that the
X channel has two servo motors whereas the Y channel has one.

This is because the arm is heavier than the pen.
2-3. Control Unit (See Figure 7-2)

With the exception of the Scale Factor and Parallax controls,

most Recorder operating controls are located on this unit. The

13



Section I1
following paragraphs (2-3.1. through 2-3.8.), describe the

functions of these controls,
2-3.1. Filament Power Switch

This -switch has three functions. It controls filament power
for the entire unit; applies voltage to back lighting powerstat
T201; and energizes the supply sides of the plate switch,S201,
and vacuum pump phase switch S203. Two phases are supplied to
switch S202 so the Recorder can operate with 120 volt single
phase, 120/240 volt single phase, or two phases of a three~
phase 120 volt system. When the FILAMENT switch is closed
amber indicator DS202 lights. Phase 1 power is applied to
terminals D and L. Power to terminal L is regulated by
powerstat T1 which controls light brightness. Plate power
cannot be applied prior to filament power. If filament

power is removed, plate power also is removed.
2-3.2. Plate Switch

The PLATE switch controls the application of all dc¢ plate
power in the Recorder. Application of plate power energizes

red indicator lampDS201. Phase 2 power is applied to terminal E.
2-3.3. Vacuum Switch

The VACUUM switch applies power to the vacuum pump which creates
the vacuum which holds the tracing paper against the plotting
surface. The FILAMENT switch energizes the supply side of the

VACUUM switch., When the VACUUM switch is placed in the ON

1"




Section IT
position, phase 1 power is applied to terminal F.

2-3.4. Back Lighting Control

Powerstat Tl controls the brilliance of chart back lighting

by varying the voltage across the chart incandescent lamps.

2-3.5. Pen Control

2-3.5.1, Manual Pen Control
Two switches are associated with each pen. Each of the ARM
1 PENS switches, for instance, raises and lowers its pen and
selects an external time signal to be applied to the pen. The
AUTO PEN LIFT switches control application of the automatic
pen lift to their associated pens. The pens themselves are
controlled by circuits located in the Servo Supply and Servo
. | Amplifier chassis. These circuits are, in turn, controlled
by voltages from terminals T, j, ¢ and a of the Control Unit.
Normally, the pens go down if no voltage is applied to these
terminals and are raised upon application of a positive volt-
age. The control voltages are applied through resistors R203
through R206. The source is the +300 volt regulated supply.
The extreme left-hand switch contacts enable injection of
timing marks, from an external source, into the pen control
circuits. The timing inputs are applied to terminals R, V,

W and Y.

2-3.5.2. Automatic Pen Lift

Automatic pen 1ift voltage is applied by switches S208 through

‘ S211., The switches receive signals from rectification circuits

15



Section I1

across each servo amplifier output transformer. When the
voltage output exceeds a preset value, as determined by a
servo chassis adjustment (refer to paragraph 2-6.4), the

pens are raised independently. Diodes CR201 through CR208
prevent circuit interaction. Diodes CR209 and CR210 cause the
pens to lift when ARM 1 switch S212 is placed in the STANDBY
position, The diodes sense +300 volts applied through
resistor R211 and the upper set of contacts of S211., Switch
S212's STANDBY pqsition removes the X, and Y; output signals

of amplifiers 1 and 2 from the X; and Y; servo inputs.

2-3.6. Standby Switch

A STANDBY switch is associated with each arm. When the switch
is in the OPERATE position, the associated arm and pen plot
the applied function. In the STANDBY position, the switch
causes the associated pen to move to the center of the arm

and the arm to move to one side of the board. For instance,
when switch 8212 is placed in the STANDBY position, the X; and
Y, output signals of amplifiers 1 and 2 are removed from the

X, and Y, Servo Amplifier inputs. The X Servo amplifier in-

1

put then changes to divider resistors R207 and R209 causing the
arm to move to the edge of the board. The Y) servo input is
tied to ground and the pen moves to the center of the arm.

Switch S213 funetions similarly for Arm 2.

2-3.7. Pen Interchange ¢ontrel

This circuit controls routing of plotted functions to arg and

18




, Section I1
Pen 1 or 2. When the INTERCHANGE switch is in the NORMAL

position, X; and Y) signals are Plotted on arm 1, and X2 and

Y, signals are plotted on arm 2. When the switch is in the
REVERSE position, X; and Y) signals are plotted on arm 2 and

X2 and Y2 signals afe pPlotted on arm 1. When the swifch is
Placed in the AUTOMATIC position, the arms Plot according to
which function is to the right or left of the other, Inter-
change does not reverse trace color, timing or other plot
characteristics. Reléys K201, K202 and K203 control pen inter-
ch&nge according to the position of the INTERCHANGE switch.

In the NORMAL pPosition, relays K201 and K202 are de-~

energized and Xi and Y, signals are applied tb the X, and Y,
Servo Amplifier inputs. Also X2 and Yy signals are applied

to the Xy and Yo amplifiers. If the INTERCHANGE switch is
placed in the REVERSE pPosition the input lines to the Servo
Amplifiers are effectively switched. Whenever K202 is énergized.
relay K201 is energized; all pen plotting signals in arm 1

are switched to arm 2; and arm 2 signals switched to arm 1.

2-3.8. Input Selector

The INPUT SELECTOR switch, S214, selects a scale factor and
Parallax circuit. In the #1 positioﬁ this switch energizes
relays in Scale Factor and Parallax unit #1 causing that unit
to be connected to the plotting circuit. Other units may be

similarly energized. This switch can be placed in the remote
17
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(R) position in which case a similar switch or relays at a
remote point may be used to select scale factor and parallax
circuits. Raising and lowering of the pens may also be
controlled remotely by switching the required pen switches
(S204 through $S207) to the TIME position and connecting the

control signals to leads R, V, W and Y.
2-4. D. C. Amplifiers

Since both amplifiers in a chassis are identical, only

Amplifier #1 of Figure 7-2 is described.

The input signal is applied to the grid, pin 2 of tube V1.

The amplified signal is directly coupled to the grid, pin 7

of V2a, and again amplified. The signal is then directly
coupled to the grid, pin 2, of V3a, then to the grid, pin 2,

of V2b, whose cathode provides the output. The ac section of
the amplifier is a drift stabilization circuit which compensates
for slow changes in various circuit parameters. This section
senses an error signal, amplifies, rectifies and filters it,
and reapplies it to the dc section so as to maintain a constant
null voltage resultant at the input, or summing point. The
input is called the summing point because it is here that the
feedback and input voltages add algebraically to produce the

null voltage, or offset.
2-4.1. AC Section

The offset voltage is applied to contact 2 of chopper K51A, and

coupled as a square wave signal to the grid, pin 1, of tube V4.

18
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The amplitude of the signal is a function of the magnitude of
the offset and the phase of the signal is a function of the
polarity of the offset. Tube V4 amplifies the signal and
couples it, through capacitor C4, to the grid, pin 1, of V5.

The output 6f V3 is‘filtered by resistor R28 and capacitor C8.
The resulting dc output of this filtering network is the control
voltage which corrects excessive offset. This control voltage
is reapplied to the first stage of the dc section, at the grid,

pin 7, of V1.
2-4.2. Balance

If the offset voltage is too large, the error signal at pin §
of V5 is sufficient to energize neon lamp DS1. The lamp indi-
cates overloading of the ac section of the amplifier. Over-
1oading can be corrected with the aid of pushbutton S1. This
pushbutton, when pressed, short-circuits the control voltage
output to pin 7 of V1, removing the correction to the dc section.
When potentiometer R7 is varied, bias on tube V2a is varied
which, in turn, varies the output voltage and the offset volt-
age. This bias can be varicd so that the offset voltage is
decreased to a point where LS1 de-energizes. When pushbutton
S1 is then released, the reduccd output of the ac section is.
reapplied to pin 7 of V1. The ac section, now no longer over-
loaded, further reduces che offset to its normal operating
range, whence the circuit functions as described in paragraph

2-4.1.

2-4.3. Circuit Details



Section I
Tube V1 operates across the + and - 300 volt supplies. Its

cathode is at approximately 1 volt. Diode CR! and divider
network R63 and R64 prevent cathode voltage from being raised
too far above this level when a large positive signal is
applied to the input. Otherwise the circuit would be bi-stable
and would not recover. The plate, pin 6, of this tube is held
at approximately the same voltage as the plate, pin 1, by
resistor divider networK R2 and R4. Due to the magnitude of
plate currents and the 8 volt instead of the usual 12.6 volt
filament supply, grid currents in this stage are extremely

low. This characteristic reduces offset.

Resistor R61 and capacitor Cl form the cut-off network for the
amplifier. The output stage, V2a and V3a, is connected in a
configuration known as a Peterson Amplifier circuit. The tubes
are in series across the + and - 300 volt supplies. The plate
signal of a V3a is directly coupled to the grid of V2a. Grid
bias for V2Z2a is produced by the IR drop across R13. As the
grid of V3a is driven more positive, the plate will be driven
below ground potential causing greater current to flow between
the two supplies. The increased current increases the IR drop
across R13, establishing increased bias on V2a, which results
in a net reduction in overall current change. If a load is
connected to the output circuit, bias change on V2a will be
more rapid for a given bias change on V3a. Hence, for negative
going output excursions, current drawn from the +300 volt supply
will decrease in proportion to the negative output excursion.

If the bias on V3a is made more negative, plate voltage rises;

20
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the IR drop across R13 decreases which decreases bias on V2a.
This decreased bias enables vV2a to provide sufficient current
to produce the positive output excursion. This output stage,
although requiring two tubes, greatly reduces power supply

requirements to drive a given load.

Rectifier CR2 limits the negative voltage that can appear
across capacitor C8; the grid of V1 limits the positive volt-

age.

Qutput voltage excursion is limited by the network consisting
of rectifiers CR5, CR6 and resistors R57 and R60. Each diode
is biased at cutoff when the output of the amplifier is zero.
Cutoff bias is produced by the reference voltages in conjunc-
tion with the voltage dividers. The diodes do not affect the
operation of the amplifier when they are cut off. When the
output voltage exceeds the positive reference voltage by a
small amount, diode CR6 conducts. Since it is effectively in
parallel with the amplifier feedback resistor, it will 1limit
the amplifier output to slightly more than the reference volt-
age. Diode CRS functions similarly to limit negative output

excursions.
2-5. Scale Factor and Parallax Unit (See Figure 7-2)

The Scale Factor and Parallax Unit enables adjustment of each
of the four variables (X;, X2, Y; and Y2) to be recorded on

the plotting surface. It is also possible to change the origin
of the plot to any portion of the plotting surface or to within

any area off the plotting surface of equal width to the plotting
21
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surface.

Input signals are applied to pins X, Y, 2 or a. Since the
unit is composed of identical circuits, only a typical input,

at a, is described.
2-5.1. Scale Factor

The signal voltage at pin a is applied through relay K2 contacts
1 and 11 to the divider cbnsisting of resistors R202 and R203.
Resistor R203 is the scale factor adjustment potentiometer. Its
output is applied to switch S202. Switch S202 applies the output
to one of three dc amplifier input resistors. These resistors
define a general scale factor range. The potentiometer varies

dc amplifier gain within this range, hence, acts as a vernier

for switch S202. The switch positions, LOW, MED and HIdH indi-

cate the degree of expansion of the plot.

2-5.2. Parallax

Potentiometer R201 controls parallax amount. Parallax direction
is controlled by selectro switch S201. This switch selects either
+ of - reference voltage for potentiometer R201. The amount

of parallax can be determined by the numerical ratio between
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the d-c amplifier feedback resistor (R229) and the parallax in-

put resistor (R207) (See figure 2-2). The value thus determined
expresses the maximum number of board widths available. Relay

K1 connects the scale factor and parallax circuitry to the plot-
ting circuitry. Each scale factor and parallax circuit incorporates
a similar relay. Selection of the desired scale factor and parallax

circuit is determined by these relays.

2-6. Servo Supply 15-72A (See Figure 7-4)

The Servo Supply chassis contains circuits which produce the
following three main outputs:
a. 400 cycle reference power for a maximum of six
servo motors.
b, Two servo amplifier outputs, associated with the
pen and arm drive servos for the left-hand arm
(arm number 1) of the X Y Becorder.
c. Pen 1ift control signals for the timing and

writing pens.
2-6.1., 400 Cycle Exciter Section

This section consists of tubes V9 through V15 and supplies 400
cycle reference power to the servo motors. Tube V9’is connected
as a Colpitts oscillator. Split capacitor C13A and C13B, in

tﬁe LC resonant circuit, produces the feedback. The output of
the oscillator is coupled through R44 and gain control poten-

tiometer R45 to the grid, pin 2 of tube V10a. The output is
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amplified and coupled directly to the grid, pin 7, of phase

splitter V10b. The two outputs of V10b drive cathode followers
Vila and V11b 180° out of phase. The outputs of the cathode
followers are directlylcoupled to the grids of push-pull power
output tubes V12 through V15 which are connected for Class B
operation. Bias for Class B operation is determined by the
cathode bias values for cathode followers V1la and V11lb.
Normally, the junption of resistors R54 and R91 is at -65 volts.
This establishes -45 voits on the cathodes of V1la and V1lb
which produce the grid drive power for Class B operation of the
output tubes. The output tubes, V12 through V15, produce the
reference phase for the servo motor windings via output trans-

former T5. The primary of this transformer and capacitor C20 ’

form a resonant circuit which improves the output waveform
characteristics. Two negative feedback paths are utilized. One
is taken from pin 3 of transformer T5 and coupled through re-
sistor R52 to the plate of tube V10a. The other is taken from
pin 6 of TS and coupled through R53 to the cathode of V10a.
Resistor R92 and capacitor C17 form a cut-off network which

prevents oscillations caused by the feedback loops.
2-6.2. Servo Amplifiers

The amplifier section of the chassis is composed of tubes V1
through V7. Both arm and pen Servo Amplifiers are practically

identical, hence only the upper portion of Figure 7-3 (the arm

servo) is described here. The following are the main differences ‘

between the two Servo Amplifiers: the upper (arm) servo drives
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a pair of servo motors whereas the lower (pen) servo drives

only one; the arm servo has two 6550 push-pull output tubes
whereas the pen servo has two 5881 push-pull output tubes;

servo damping network capacitors C21 and C22 differ slightly
because of the différent mass of pen and arm; output trans-
former and resonéting capacitors C6 and C12 differ slightly;

and finally, biasing the push-pull ouiput stages is accomplished
in a slightly different manner. The theory of operationis,

however, identical in each case.
2-6.3. Arm Servo Amplifier

Input signals are applied to ierminal ¢ and feedback signals
to terminal w. Error between these signals establishes a
voltage across resistor R3. This dc error is chopped by
converter K1 and applied to input transformer Tl. Resistors
R3, R61, R62 and capacitor C21 form a damping network. The
ac error signal at pin 4 is amplified by both halves of V1
and appiied, through gain control potentiomeier R9, to the
grid, pin 2, of tube V2a. The output V2a is directly
cdupled to the grid, pin T, of phase splitter V2b. Tube V2D
drives Class ABl power output tubes V3 and V4 180° out of
phase. The power tubes drive the primary of transformer T2
which, in turn, drives the control phaﬁes of the arm servo
motors. The primary of T2 and capacitor C6 form a resonant
circuit which improves the output waveform characteristics.
Feedback is taken from two sources; f;om pin 3 of T2 and

applied to the plate of V2a, and from pin 7 of T2 and applied
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to the cathode of V2a. Output tubes V3 and V4 are biased by

a combination fixed and cathode bias derived from resistors

R86, RBT and R16.
9-6.4. Automatic Pen Lift Control

The automatic pen 1ift control circuit, tubes V16 and V17,
provides control voltage to the pen: coils of the arm number 1
writing pens. The circuit automatically raises the pen when
cither the arm or pen carriage slews. This prevents the chart
from becoming unqecessarily marked. The operation of both
tubes is identical, hence only V16 is described. Pin 7 of V16
is normally held at -300 volts from terminal Z. The lower

half of the tube is hence cut off; no current flows through
cathode resistor R72; there is no bias on the upper half, and
it gonducts heavily through resistor R73 and the pen coil.

When current flows through the pen coil the pen is lowered.
When a positive signal is applied to terminal b the lower
portion of V16 conducts, due to the proportions among resistors
R68, R69 and R70. When this portion conducts, current flows
through resistor R72, establishing negative bias at pin 2,
cutting off the upper portion. Consequently, the plate, pin

6, of the lower portion, moves toward ground, reducing the
current in the pen coil to almost zero, at which time the pen
is raised. Resistor R67, between the pen coil and the negative
supply insures that current in the pen coil actually does go

to zero after the pen is raised. The dipde associated with the
pen coil keeps terminal X (voltage across pen coil) from becom-

ing negative. Automatic control of the pen 1lift circuit is
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iprowiided by terminals B and M which:are connected to the out-

puts of the pen and arm Servo Amplifiers. The signals appear-
ing at these outputs are rectified by CR1 and CR2 which develop
a dc voltage across capacitor C23. This vOltage'is applied to
terminal b via K3 arnd pen switch in control panel and raises
the pen whenever a slew (high Servo Amplifier output voltage)
occurs. Tube V17 functions identically to V16. Selector
switches on the Control Panel can be used to apply timing
signals to the grids of the pen lift tubes to timing marks on
the pen trace. Transformer T6 supplies filament power to
various tubes in the Servo Supply as well as other Recorder

circuits.
2-7. Power Supply 15-71A (See Figure 7-4)

-The 15-T1A Power Supply supplies all regulated and unregniated
dc voltages for the Recorder, associated computing amplifiers
and a large percentage of filament power. The two input trans-
formers, Tl and T2, are energized by two 120 volt 60 cycle
sources. |
NOTE

All transformers are in compliance with

Mil-T-27, Grade 1.
One, filament power, is connected to terminals N and C. The
other, plate power, is connected to terminals A and N. Ter-
minal N is the common terminal. Terminals A and C are "hot."
Power can be taken from a single phase 120 volt circuit, a

single phase 120-240 volt circuit or any two phases of a 120
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volt three phase circuit.

Transformers T1 and T2 are protected by a 10 ampere fuse and a
2 ampere fuse, respectively. The fuses are denotéd as Fl and
F2. Pins 2, 3 and 4 of each transformer compensate for various
line voltage conditions. Transformer Tl supplies power for
the following dc outputs:

a. +450 Volt Unregulated

b. 4300 Volt Unregulated

¢c. 4300 Volt Regulated

d. -300 Volt Regulated

e. =-450 Volt Unregulated
Transformer T2 supplies power to regulator tubes V1 and ve,
as well as certain circuits outside the supply, via connector

pins E through J. Fuses F3 through F6 protect rack wiring in

case of filament short circuits.
2-7.1. 4450 Volt Unregulated Output

The output of transformer Tl is applied to full wave rectifier
CR1 (A and B), and filtered by the LC network formed by inductor
L1, and two capacitors Cl and C2. The output of this filter

is applied directly to pin M as the #4350 volt output.
2-7.2. 4300 Volt Unregulated Output

Resistors R1 and R2 form a bleeder network from which is

derived the 4300 volt unregulated output applied to pin X.

2-7.3. #4300 Volt Regulated Output
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This output is derived from the +450 volt unregulated output.

The 4450 volt unregulated output is filtered a second time by
the RC network consisting of R3, RS aﬁd R6; C3 and C4. Resis-
tors RS and Rblestablish equal IR drops across capacitors C3
and C4. Since the plate of V1 is connected directly to the
output of this filter, its voltage is held constant. The
grid, pin 5, of V1 is tied to the plate of V2. Regulator V2
derives its reference grid signal from the wiper of potentiome-
ter R10 which is part of the voltage divider formed by R9, R10
and BR11l. This voltage divider is between the + and - 300 volt
regulated outputs. Potentiometer R10 adjusts the level of the
error signal between the +300 volt output and the reference
signal. Any error sigﬁal felt at the wiper of the potentiome-
ter 1is. applied to the grid, pin 1, of regulator amplifier V2,
amplified, and applied to the grid, pin 5, of series regulator
V1. This signal controls tube current and hence reguléteé the
+300 volt output taken from the cathode of V1 and applied to

pin Y.
2-7.4. -300 Volt Regulated Output

This output is derived from the -450 volt unregulated output.
The -450 volt rectified and filtered output of transformer TJ
is filtered again by the RC filter formed by resistor R14 and
capacitor C8. This voltage is applied, via resistor R20, to
150 volt series regulator tubes V3 and V4 which provide the

constant -300 volt output applied to pin V.

2-7.5. -450 Volt Unregulated Output
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Silicon rectifiers CR2 through CR5 provide full wave rectifica-

tion of transformer Tl's output. This output is filtered by

the LC network composed of inductor L2, and capacitors C6 and
C7. The output of this filter is applied to pin K as the ~-450

volt unregulated output.
2-7.6. Grounding Systems

The following three grounding systems are provided: regular
and chassis; power (which applies mainly to Servo Amplifiers);
and a high quality ground (HQ) which is used in the computing
amplifier circuits. The power and HQ grounds are tied together

within the Power Supply.

2-8. Servo Amplifier (See Figure 7-5)

Thé automatic pen 1ift circuit and arm and pen Serw Amplifiers
in this unit are identical to those contained in the Servo
Supply, described in paragraphs 2-6.3 and 2-6.4. The only
difference between this unit and the Servo Supply is the
inclusion of an automatic pen interchange circuit in the
former. This circuit is shown in the lower portion of Figure
7-6. The output of the circuit controls relays in the Control
Unit. The Control Unit relays, described in paragraph 2-3.7,
effect pen interchange. The circuit shown in Figure 7-6 senses
the difference in magnitude and polarity of X input signals
applied to arms 1 and 2. As long as the X input signal on

arm 2 is more positive than the signal on arm 1, the two arms

will not collide. If these respective polarities were reversed, ‘
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however, the arms would tend to collide, were it not for the

corrective action of the pen interchange circuit. The circuit
senses this critical polarity relationship and causes arm 1 to

plot arm 2's function and arm 2 to plot arm 1's function.

Hence, as the two arms approach each other and reach the
critical collision point, their functions are switched and the
two arms recede, each now plotting the other's functions. This

switching of functions is accomplished by Control Unit relays.

Xl and X5 signals are applied to terminals e and f, respectively,
and filtered by corresponding RC filter networks composed of
resistors R65 and R66 and capacitors C15 and C16. The resultant
dc voltages are applied to pinsbl and 6 of 400 cycle chopper

K3. The output at pin 7 is a 400 cycle square wave whose am-
plitude is a function of the difference between the signals
applied to pins 1 and 2 and whose phase is a function of the
polarity of pin 1 with respéct to pin 2. The square wave is
coupled through capacitor C17 and amplified by tube Vlla. The
amplified signal is coupled through C18, subjected to positive
and ﬁegative limiting by diodes CR5 and CR6 and amplified again
by V1lb. The amplified signal is applied to phase-sensitive
detector V12. The plate supply of V12 is the same 400 cycle
supply applied to chopper K3. Since the signal on the grids,
Pins 2 and 7 of V12, must be either in phase or 180° out of
phase with the signal on the plate, pins 1 and 6, V12 is

either conducting (grids and plates in phase) or cut off (out

of phase ). Relay K4 is in series with the plates and is
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energized by tube current and de-energized when V12 is cut
off. Under normal conditions K4 is unenergized. When X,
voltage is more positive than X, voltage the grids and plates
of V12 are in phase and the tube conducts for each half cycle.
The 200 pps current pulses through the coil are smoothed by
capacitor C23 and energize the relay. Energization of the

relay initiates the interchange of functions between the pens.
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SECTION III
INSTALLATION AND ADJUSTMENT

3-1. Servo Supply 15-72A

Inductor L1 in the resonant circuit of the exciter Colpitts
oscillator should be adjusted, as necessary, for an oscillator
output of 400 cps. The Servo Amplifier gain and damping con-
trols and the reference gain control are located on the front
panel of the unit. (See Figure 1-2). There are, in addition,
two controls for adjusting the threshold level of the antomatic
pen 1ift circuits. Perform the adjustments as follows:

a. Adjust the SERVO reference adjust control until neon
lamp DS1 lights. Check that this control is adjust-
ed for the minimum gain at which the lamp remains 1lit.

b. Adjust the Y servo amplifier GAIN control until the
pen carriage begins to oscillate, then reverse the
rotation of the control until oscillations cease,

¢. Adjust the DAMPING control by applying a small step .
function and noting the Recorder plot overshoot.
Adjust for critical or very slight underdamping
(slight hunting).

NOTE
If it is necessary to rotate the damping
control through a large arc, the gain control
should be readjusted, as there is some slight
interaction.

d. Adjust the X servo GAIN and DAMPING controls similarly.

e. Adjust the automatic PEN LIFT circuit threshold
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control by manually displacing the pen carriage
1/16 to 1/8 inch from its normal null position
and varying the threshold control until the pen

l1ifts when this displacement occurs.
3-2. Power Supply 15-71A (Installation)

The primaries of transformers Tl and T2 are usually connected
at pins 1 and 3. However, the "hot" lead should be connected
to pin 2 to compensate for low line voltage conditions, and

to pin 4 for high line voltage conditions.
3-3. Power Supply 15-71A (Adjustment)

The only adjustment necessary is in the +300 volt output cir-
cuit. This adjustment is controlled by potentiometer R10.
Once it is set no further adjustment should be necessary

except when tubes are replaced.
3-4. D. C. Amplifiers (See Figure 3-1)

The gain of the stabilizer portion of the amplifier circuits
is sufficiently high so that rebalancing the amplifier sh&uld
not be necessary unless a component has been replaced. |
NOTE
The possibie exception to this rule is
that it may be necessary to rebalance once
during the first 60 hours of operation after

feplacement of a 5965 input tube.
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Figure 3-1, D.C. Amplifier Adjustment,

3-5. Refilling the Ink Wells

a. Fill the bulb of the filling needle with the required
color of ink.
NOTE
The ink bottles with filling needles
are located in the right side of the
plotting board cabinet.
b. Fill the required well approximately 3/4 full at the
outboard hole, by means of the filling needle. (See

Figure 3-2).
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Figure 3-2. Refilling Ink Wells

c. Remove the pen from its jeweled bearings and allow it
to hang vertically until gravity primes the hose and
pen.

NOTE
The speed of priming is increased by
the application of a blotter to the pen
tip, and by squeezing the ink line. (See
Figure 3-3).

d. Continue priming until the pen delivers a steady flow
of ink and no air bubbles are visible in the hose.

e. Replace the pen in its bearings. (See Figure 3-4).

3-6. Replacing Bulbs

a. Slide the two rear access panels up; pivot them out
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Figure 3-3. Priming the Pens

and lay them aside.

b. Turn the two pivot-type latches on each light pen
access door.

c. Open the doors and replace the burned out bulbs,

(See Figure 3-5.)
3-7. Adjusting Pen Vertical Spacing

The vertical space between the upper and lower pens on a
particular arm can be adjusted by means of an adjusting screw.
‘ This space should be adjusted to 3/32'" to 1/8" ., 1In order

to equalize the vertical spacing of both sets of pens
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or to change the spacing proceed as follows:

a.

Turn the adjustment on the required jeweled bearing

to either raise or lower the required pen, as necessary.
NOTE

Normally, step (a) will fully accomplish the

adjustment. However, under abnormal conditions

it is possible that excessive adjustment of the

movable pen bearing would cause improper spring

pressure to be exerted by the spring loaded

bearing. If the adjustable bearing must be varied




Figure 3-5.
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to move the pen more than 1/32 of an inch,
such may be the case. If so, compensate
for the changed load on the spring loaded
bearing by adjusting the spring loaded
bearing adjustment screw. Proper spring
tension is present when there is just enough
clearance for the pivot point when the pen is
depressed against the spring loaded bearing

and swung into place. (See Figure 3-4).
3-8, Adjusting the Pen Carriage on its Track

Adjust bearing pressure on the track as follows:

a. Loosen the eccentric shaft clamp screw. (See Figure 3-6),
b. Turn the eccentric bearing shaft as required to remove
any slop.
NOTE

Manually run the carriage from top to
bottom of the track to ascertain correct
setting., There should be no apparent binding.

c. Tighten the clamp screw.
3-9. Adjusting Plotting Surface Flatness

The plotting surface has been carefully adjusted for flatness at the factory
and normally should require no further field adjustment. However, it is
possible for extreme ambient temperature fluctuations, or other environ-

mental changes, to cause the plotting surface to become concave or convex (dished
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Figure 3-6., Pen Carriage Adjustment.

or bowed). Such warpage can be compensated for as follows:
a. Turn on board lights; adjust them to the intensity

normally used and wait approximately one hour before

proceeding.
NOTE
Two people are required for steps b and c.
b. Hold a true straight edge along the plotting surface.

' c. Adjust the adjusting nut, accessible through the large

access hole in the center of the back of the board,
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until the board is flat as indicated by the straight

edge. (See Figure 3-7).

ADJUSTMENT NUT

ACCESS HOLE

Figure 3-7. Plotting Surface Flatness Adjustment Nut.

3-10. Adjusting the Magnetic-Pneumatic Stops

The magnetic-pneumatic stop mechanism consists of a pneumatic
cylinder and piston mounted on the left arm with an extended
permanent magnet. A mechanical device for actuating or not
actuating the pneumatic cylinder, depending on the velocity

with which the arms converge on each other, is located on the

right arm. This mechanism contains a steel pin whose vertical




travel is restricted. When it is down and the arms are
converging.'the piston rod of the left arm will contact the
pin and actuate the pneumatic stop. When the pin is up and
the arms are convergfng, the piston rod freely passes beneath
it and there is no action of the pneumatic stop mechanism.
Whether or not the pin is up or down depends on the speed with
which the arms converge. If this magnet passes over the pin
with a sufficiently high velocity, there is not sufficient
time for the pin to be attracted to the magnet. In this case
the pin will be contacted by tﬁe piston rod and the pneumatic
stops will dampen the impact of the arms. At lower speeds the
pin will be attracted by the magnet as it passes and the
pneumatic stop mechanism will not actuate, allowing the arms
to converge unrestircted. (See Figures 3-8 and 3-9). Adjust
the mechanism as follows:
a. Adjust the magnet vertically so that when the pin
is up there is approximately 0.005 inch clearance
between the head of the pin and the magnet.
b. Loosen the lock nut and turn as required to move the
magnet in or out (horizontally) in 1/32 inch increments.
Each full turn is a 1/32 inch increment.
¢. After horizontal and vertical adjustment, tighten the

lock nut.
3-11. Adjusting the Drive Drum Circumference

NOTE

During calibration it may be necessary to vary
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the travel of the arm (for a given number
of drive drum revolutions) by expanding or
contracting the drum. The arm will travel

3" for every revolution of the drum.

a. To expand the drum (increase arm travel) turn
the adjustment screw in the end of the drive
drum shaft clockwise. This pushes two

tapered keys into the drum, expanding it

slightly. (See Figure 3-10).

ADJUSTMENT SCREW

TAPERED KEY

Figure 3-10. Drive Drum Circumference Adjustment




In order to decrease the circumference of the drum

it is necessary to disassemble it by retracting the

tapered keys, starting the adjustment from the

smallest possible diameter.
NOTE
The adjusting screw should be turned in
increments of one turn only, moving the
pen carriage (or arm), from one extremity
to the other between adjustments.
CAUTION

Never turn the drum circumference adjusting
screw against cable tension; i.e., do not
use cable tension to lock drum in place.
When adjusting circumference, insert a
screwdriver into the drum slot, to lock

the drum and then turn the adjusting screw.
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SECTION IV
OPERATION

4-1., General

The following procedure is designed to place the Recorder in
condition to record input functions. Detailed procedures to

be followed will depend largely on the nature of the functions
to be plotted and specific requirements regarding parallax,
scale factor, pen control functions, etc, A reading of‘the sub-
section on controls and their functions will facilitate adapt-
ing operation procedures to individual requirements.

a. Insure that power switches are off, vacuum pump is
off, arms are in STANDBY mode, the INTERCHANGE switch
is in the NORMAL position, and that the pens are
raised, before connecting the unit to power.

b. Turn on the FILAMENT switch and allow approximately
three minutes filament warm-up time.

¢. Turn on the PLATE switch.

d. Energize the vacuum pump and place the tracing paper
against the plotting surface. Smooth all wrinkles.

e. Place the required ARM switch in the OPERATE boéition.

The recorder is now ready to plot.
4-2. Functions of Controls (See Figures 4-1 and 4-2)

The following tabulation lists the controls and corresponding
functions relating to the sloping control area located immediate-

ly beneath the plotting surface.
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Control

ARM 1 and ARM 2

ARM 1 PENS

ARM 2 PENS

AUTOMATIC PEN LIFT

52

Function

These two-position toggle switches
enable selection of either the STANDBY
or OPERATE mode for their associated
arms. The pen plots the input function
when the associated switch is in the
OPERATE position. It moves to the side
of the board and center of the arm when

the switch is in the STANDBY position.

The two pairs of three-position selector
switches at the top of the panel control
the four writing pens. Each switch of
each pair controls either the upper or
lower pen of its associated arm. The
TIME position for a particular switch
causes the corresponding pen to trace a
series of timing marks which parallel
the plot. These timing marks serve as

a time-base indication for the plot. The
UP and DOWN positions of the switches

effect raising and lowering of the pens.

These four two-position toggle switches
provide for automatic raising of any pen
when slewing speed exceeds a preset

amount.




INPUT SELECTOR

VACUUM

LIGHTS

FILAMENT

PLATE

INTERCHANGE

Section TV
This selector switch selects any of

the Scale Factor and Parallax Chassis
as input source. The R position
selecfs a remote source for control-
ling the choice of Scale Factor and

Parallax Chassis.

This toggle switch energizes the
vacuum pump which produces the
vacuum which holds the tracing paper

in place.

This rheostat controls plotting surface

back lighting intensity.

This switch applies filament power;
the presence of which is indicated

by the amber light above the switch.

This switch applies plate power; the
presence of which is indicated by the

red light above the switch.

The three positions of the selector
correspond to the three pen inter-
change modes of operation. When the
switch is in the NORMAL position, Xy
and Y; inputs are applied to the left
arm and pen, and Xy and Y, inputs are
applied to the right arm and pen.
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X, SCALE

These inputs are switched to the
opposite arms and pens of the plotting
surface when the switch is in the
REVERSE position. The AUTOMATIC posi-
tion provides for the automatic inter-
change of these functions when the

arms approach fhe point at which they
would theoretically have to pass
through each other in order to continue
their respective plots. When the
switch is in the AUTOMATIC position

and the arms do reach this critical
position, they interchange their
functions and recede from each other;
each now plotting the other's function.
The interchanged mode is indicated by

the red lamp.

This section of the panel controls

the multiplication factor of the

input signal and hence expands or
contracts the plot. The three general
ranges, labeled LO, MED and HIGH are
selected by the three-position switch.
In the LOW position only a second
section of the switch shorts out

the 13 K resistor (R202). The




Section IV
knob adjustment below the switch

serves as a vernier within the three

basic ranges.

Xl PARALLAX . This section controls the location of

the plot origin. The toggle switch
selects either a + or - reference
voltage as input to thé d. ¢. amplifiers.
This voltage is generated by the.
reference amplifiers. The + and -
voltages correspond to the right and
left sides of the board, respectively.
The magnitude of these inputs is
adjusted by the potentiometer knob
control above the switch. |

NOTE

The Y1 and Y, controls are similar except

2
that + and - reference voltages here
correspond to the upper and lower portions
of the board, respectively. The X2 and

Yo sections of the panel function as do
the X, and Y; sections, except that the

right arm and pen are affected.



5~1.

SECTION V
MAINTENANCE

Cleaning the .Tracks and Grooves

The arm tracks and pen carriage grooves should be kept com-

pletely free of dust and other foreign matter at all times.

They should be inspected regularly, and periodically wiped

with a clean, dry, lint-free cloth and oiled lightly with

light machine oil.

5-2.

CAUTION
Never oil any part of the vacuum>pump

or system. This is an oiless system.
Removal of Ink Well, Hose and Pen Assembly

a. Loosen the two screws which attach the well to be
removed. (See Figure 5-1).
NOTE
It is not necessary to remove the attach-
ing screws. Merely loosen them until their
heads protrude approximately 1/16 to 3/32 of
an inch above the mounting flange; enough to
detach the flange.
b. Gently press the pen to be removed against the spring
loaded pen pivot jewel bearing.
NOTE
The spring loaded jewel bearing for the

upper pen is the upper bearing. The
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WELL ATTACHING
SCREW

MOUNTING FLANGE

SECOND SCREW
DIAGONALLY
OPPOSITE

(NOT SHOWN)

Figure 5-1, Ink Well, Hose, and Pen Assembly Removal.

spring loaded jewel bearing for the lower
pen is the lower bearing.
c. Pivot the pen assembly away from its mounting and
remove the entire ink well, pen and hose assembly.

d. Reassembly is the reverse of steps a through c.
5-3. Arm Feedback Potentiometer Removal and Replacement

The arm drive gear boxes are located at the upper right and

left corners of the board. Each contains two servo motors and
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one potentiometer. The potentiometer is the servo feedback
voltage source and is mounted on a "stand-off" to facilitate
field replacement. The potentiometer can be removed according
to the following procedure:
a. Disconnect all wiring to the potentiometer.
b. Insert a suitable Allen wrench through the access
hole in the "stand-off" and loosen the Allen screw.

(See Figure 5-2).

STAND-OFF

ACCESS HOLE

ALLEN SCREW

Figure 5-2. Arm Feedback Potentiometer Decoupling.
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NOTE
It may be necessary to position the arm
either to the right or left and hold it
in such a position that the Allen screw
is moved to an accessible position, in
line with the access hole,
c. Loosen the three screws attaching the potentiometer

to the "stand-off." (See Figure 5-3).

STAND-OFF

MOUNTING CLEAT

ATTACHING SCREW

Figure 5-3. Arm Feedback Potentiometer Removal,
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d. Hold the potentiometer and rotate the three cleats

so that their flats allow the base of the potentiome-

ter sufficient clearance for removing it.

e. Remove the pétentiometer. Replace the potentiometer
essentially by reversing the preceding removal pro-
cedure. However, observe the following points while
doing so:

(1) Position the potentiometer shaft in as central
a position as possible (approximately 5 turns
from either stop), before replacing.

(2) Place the arm in as central a position as
possible.

NOTE
Steps (1) and (2) insure that the central
positions of the arm and potentiometer

shaft approximately coincide.
5-4, Pen Feedback Potentiometer Removal and Replacement

This procedure parallels that of paragraph 5-3, Arm Feedback
Potentiometer Removal and Replacement, except that centering

is along the vertical axis of the plotting surface.
5-5. Replacing Arm Drive Cables

The following procedure applies to the left arm. Follow a

similar procedure when replacing the right arm drive cables.

The arm is moved by two cables. One short cable is passed from

the arm to the drive drum. (See Figure 5-4). One long cable
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LEFT ARM
LONG CABLE

LEFT ARM
IDLER PULLEY

RIGHT ARM
DRIVE DRUM

RIGHT ARM
SHORT CABLE

Figure 5-4. Right Arm Cable (Short).

is passed from the arm, over the idler pulley; passed in back
of the horizontal cross member, through the cored hole in the
member, and to the drive drum. (See Figure 5-5). Replace the
cables according to the following procedure:
NOTE
Two people are required for the procedure.
a., Loosen the idler pulley adjustment set screw, located

on the left side of the mounting block, to move the

mounting block to the extreme left position. (See Figure
5-6).
b. Rotate theLL,H., arm drive gear box drive drum in a counter

clockwise direction until it hits the internal stop on the pot.

c. Move the left arm to the extreme right side of the board.
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Figure 5-5,

Right Arm Cable (Long).

Figure 5-6.

Idler

Pulley Adjustment,

LEFT ARM
DRIVE DRUM

LEFT ARM
SHORT CABLE

RIGHT ARM
LONG CABLE

RIGHT ARM
IDLER PULLEY

IDLER
PULLEY

SET SCREW

ALLEN
SCREWS

MOUNTING
BLOCK
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dl
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Insert one end of the short cable in the lower termination
slot on the drive drum and make a sufficient number of
"idle' turns (approximately 1| 1/2) so that the other end isthe
correct length to insert in the termination block on the arm
supporting casting.
Wind the cable onto the drum, maintaing cable tension, until
the arm has been repositioned to the extreme left side of the
board.
CAUTION

The winding operation is critical, Insure that

adjacent windings never overlap and that there

are no spaces between windings.
Hold the drive drum to maintain cable tension sufficient to
cause the arm to rest against the outer spring stop.
Insert one end of the long cable in the upper termination slot
on the drive drum and make approximately 1 1/2 "idle' turns.,
Thread the free end through the cored hole, down the back of
‘the cross member, up through the cored hole and over the
idler pulley on the opposite end.
If the proper number of turns have been made on the drive’
drum, there will now, just sufficient slack to enable you to
attach the oppbsite end of the cable to the termination block
on thé arm support casting.
Keep the cable under tension and readjust the idler pulley to
the right, by means of the set screw, until the remaining

slack is eliminated,
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j. Tighten the idler pulley mounting block securely in place

with the two Allen screws,
5-6. Replacing the Pen Carriage Drive Cables
This procedure applies to the left pen carriage drive cables, Follow
a similar procedure when replacing the right pen carriage drive cables.
It is necessary to remove the arm before removing the pen carriage
drive cables,
Disconnect the cable from the terminal board on the side of fhe casting,
and remove the upper and lower outboard spring stops and slide the
arm off the end of the track. Place it on a suitable work bench. The
execute the following procedure:

NOTE

Two people are required for the remainder of the

procedure.

a. Tape one end of the longer cable to one end of a wire or rod
approximately 1/16 or 3/32 of an inch in diameter and 40
inches long and carefully thrust the rod through the center of
the arm.

CAUTION
Do not twist or in any way interfere with other wires
inside the arm.

b. Detach the céble from the rod and extract the rod.

c. Place the pen carriage at the extreme upper end of thearm.

d. Attach the upper end of the cable to the termination point

on the drive drum. Make two "IDL E'" turns in a counter
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clockwise direction, l.ead central section of cable over

the idler pulley at the bottom of the arm, taking care to keep
a fair amount of tension on the cable at all times,

e. Attach other end qf cable to its termination point on the
pencarriage,

f. Carefully turn the drum in a clockwise direction while
maintaining cable tension. Continue to take up cable on
the drum until the pen carriage is positioned against the
lower spring stop on the arm,

CAUTION
The winding operation is critical. Insure that adjacent
windings never overlap and that there are no spaces

between windings.

g. Continue taking up cable and depress the carriage against
the spring stop.

h. Insert a plastic or other non-metallic wedge through the
hole in the upper casting so that it locks the drive gears,

thus maintaining cable tension. (See Figure 5-7),

[y
.

Attach eyelet end of short cable to the other termination
point on the drive drum.

j. Make two ''idle'" turns in a clockwise direction,

k. Attach turnbuckle end of cable topen carriage.

i. Take up slight remaining slack by tightening the turnbuckle

Remove the turnbuckle from the pen carriage
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DRIVE DRUM

INSERT
WEDGE
HERE

Figure 5-7, Locking Pen Carriage Drive Drum.

and turn the screw in.
m. Release pressure on the plastic wedge by depressing
pen carriage against the spring stop, and remove

the wedge.

5-7. Replacing the Contact Cable Assembly

The arm assembly must be removed from the plotting board and
the upper and lower castings removed from the arm extrusion,
prior to performing this procedure. When this has been
accomplished, proceed as follows:
a. Lay the detached arm extrusion on a work bench and
pass the contact cable through the center of the

extrusion according to the procedure outlined in

67




steps b and ¢ of paragraph 5-6, Replacing the Pen
Carriage Drive Cables.

Pass each free end of the cable over its appropriate
idler pulley at either end of the extrusion and attach
each nylon "half-moon" to its associated termination
point on the upper and lower ends of the pen carriage.

(See Figure 5-8).

CONTACT
CABLE

HALF-MOON

PEN CARRIAGE
(INBOARD)

Figure 5-8 Contact Cable Installation
( Rear Surface)




NOTE

The center springs of this assembly produce
tension sufficient to hold both nylon "half-
moons"™ in place.

¢. Reassemble castings to the arm extrusion.

d. Rewind the drive cables.

e. Place the arm assembly back on the track.

f. Square the arms according to paragraph 5-8 Squaring

the Arms.
5-8. Squaring the Arms

NOTE
This adjustment has been made at the
factory and normally should not be
necessary unless the equipment has been
subjected to improper handling or unless
the arms have been removed.

a. Loosen the lock nuts locking the lower bearing
eccentric shafts. (See Figure 35-9).

b. Turn both lower bearing eccentric shafts so that
both lower bearings fall clear of the trackr

c. Loosen the lock nut locking the upper bearing
eccentric shaft.

d. Turn the eccentric shaft of the upper bearing to
rotate the arm until it is exactly vertical, with
respect to the plotting surface. |

NOTE

Construct a vertical reference line by
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ECCENTRIC
SHAFT
LOCK NUT

BEARING

TRACK

Figure 5-9. Lower Bearing Adjustment,

drawing a horizontal line with the pen

and constructing a perpendicular bisector

to it.
e. Tighten the upper bearing eccentric shaft lock nut.
f. Turn both lower bearing eccentric shafts until the

lower bearings lightly contact the arm track.

g. Tighten the lower bearing eccentric shaft lock nuts.




SECTION VI
PARTS LIST

MEC MODEL 3010 X-Y RECORDER
Modified per

IBM SPEC. #3218307
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1 2 3 4 5 é 7
ITEM REFER. CLASS { STOCK MFG. AND DESCRIPTION UNIT | PROCURE.
NO. DESIG- NO. PART NO. PER MENY
NATOR 1 2 3 4 5 6 7 ASSY. CODE
31-53 | XV3,XV4, JAN ‘ SOCKIET}, Oftal, Tube, Mica filled 4
XV7,XV8 TS101P01
31-39 | R68 MIL RESISTAR, |[Fixed composition, 47M £10% 1/2W 1
RC20GF476K
31-40 | R75, R78 MIL RESIJTAR, |Fixed composition, 2.2M £10% 1/2W} 2
RC20GF225K
31-41 | R76 MIL, RESIYTAR, |Fixed composition, 10K £10% 1/2W 1
RC20GF103K
31-42 | R77 MIL, RESISTAR, |Fixed composition, 560K +10% W 1
RC32GF564K
31-43 | R79, R80 MIL REJSISTAR, |Fixed composition, 330K +10% 2W 2
RC42GF 334K
31-445S31 Cannon CANNEQTOR 1
MS3102A28-15(P
31-45 | T1, T3 TTI 5298 or TRANSFIORMER, Servo output, primary, 9000Q, | 2
Hermetic Seal CT|, decondary|225/75/25Q 40W, JAN4RXI13GA
956-0280-200
31-46 | T2, T4 TTI 4444 or TRANSFIORMER, output 40W, primary 90009, 2
Hermetic Seal CT| sqcohdaky 25/75/225Q
956-0195-200
31-47{V1,V2, VS5, Comm. 12AX7 TUBE, Elegtrgn 5
Ve, V11l
31-48| V3, V4 Comm. 6550 TUBE, Eledtrdn 2
31-49 | V7,V8 Comm. 5881 TUBF, Eledtrgn 2
31-50| V9,Vl0, Comm. 596501 TUBE, KEledtrdn 3
12AT7
31-51 | XKI1-XK3 JAN SOCKET], 7 Pirr Miniature, Mica filled 3
TS102P01
31-52 | XV1,XV2, JAN SOCKIET]|, 9|Pip Miniature, Mica filled 8
XV5,XVé, TS103PO01
XV9-XV1i2




1 2 3 4 ) 5 6 7

ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE-
NO. DESIG- NO. PART NO PER MENT
. NATOR 12 3 4 5 6 7 ASSY.[ copE
. e o ey

3-1 MEC ASBF, L‘B Y, PL.OFTING BOARD 1
Model 15-3A

3-2 MEC CABI|F. ASSEMBLY, Pen Carriage Contact 2
B15A3ABB

3-3 MEC CAIBI{E. ASSEMBLY, Pen Carriage , Lower 2
A15A3ABD

3-4 MEC ICAIBL{E LSSE BLY, Pen Carriage, Upper 2
B15A3ABC

3-5 MEC CAPLE ASSEMBLY, Drive, Long 2
A15A3AG

36 MEC CABLE AISSEMBLY, Drive, Short >
A15A3AH

3-7 NEC \SIEMBLIY, Upper Left-hand and Lower 2
BI5A3ABAE

1.8 MEG W1, B
F15MABADS

3.0 MEC PEN ASYEMBLYY, Upper Right and Lower T.eft B
BISA3ABATE

3-10 MEC INkwlEL L, 2
A1SM3ABAES

3-11 MEC RELA|Y,| Pen I{ift 4
Al5SM3ABAC3

3-12 G.M, Labs HMQTOR,| Sejrvg Drive, (High Speed), 400 cps 6
66553-180

3-13 G.M. Labs HMQAQTQPR,| Sefrvg Drive, (lL.ow Speed), 400 cps 6
66553-181

3-14 MEC P(,TFN'I]OWV[E FER, Servo Feedback 4
A3010F37A2

#Specify sdrial nhmber of Records wheh drddring mntlors'.
|

3-15 Svlvania LAM®P, Plofting Surface, 40W, 120V 2
Lumiline

3-16 Sylvania 1.AiMIP, Plottinp Surface, 60W, 120V M
l.umiline

3-17 Gast PUMP ABSEMBIL.Y, Vacuum |

0211-V103-G8X

|
102 ! }
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{-DiMeENSIONS BETWEEN CONNECTORS To BE
CoMPATIBSLE WITH PHysicaL LocaTion OF SLiCE
MounTED CONNECTORS IN Mop. 1576, Using SLiDE
ComeroNENT CONFIGURATION IN DLOPING
FrRonT PANEL CONTROL AREA,

2-CapLes To Be FLexiBlE To Work, WITH
CHASS |8 TRACK SLIDE ARRANGEMENT,

Figure 6-A-1. Cable Routing, X-Y Plotting Board, Dwg. #B1576W2A
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I I
\y/ N
INPUT | AMPLIFIER | ouTPuT
AMPLIFIER ’ AMPLIFIER ’ AMPLIFIER ! l
Vi V2A CIRCUIT
va2B & V3A
OFFSET
CHOPPER > AMPLIFIER > AMPLIFIER > FILTER
Kl (A) va4 V5 ‘ R28 & C8
i
!
Figure 7-10 Block Diagram

One-half Dual D.C. Amplifier
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ADDENDUM
FOR
MEC MODEL 3010 X-Y RECORDER
~ MODIFIED PER
1.B.M. SPEC. #3218307



SECTION VI

8-1. GENERAL

This addendum, along with a revised Parts List on page 71 and figure
7-6a on page 109a, concisely covers the modification made to MEC Model
3010 X-Y Recorder. This modification was made to meet the requirements
of IBM specification #3218307.

The reader should bear in mind that in the event of a contradiction be-
tween the manual proper and this addendum, the addendum supersedes.

8-2. MODIFICATION
The entire modification consisted of modifying one chassis and adding
one chassis. The modified chassis is the Control Unit and the added chassis

"is an Auxiliary Control Unit.

8-2.1. Control Unit (See Figure 7-6a, p. 109a)
Remote-Standby relay K205 and K208 have been added. These
relays are controlled by the Digital to Analog (D-A) Converter. When a
"one'" is present in the time slot, 45 relays K205 and K206 command the left
arm to standby; likewise, when a '""one' is present in the time slot, 46 relays
K207 and K208 command the right arm to standby.

8-2.2., Auxiliary Control Unit
The added Auxiliary Control Unit is located on the right-hand
portion of the sloped control panel (See figure 8-1, p. 121).

The Auxiliary Control Unit has a dual purpose. One is to detect
a slew in the X and Y coordinates and relay this information to the D-A Con-
verter., The other function is to offset the pens of either arm upon receipt
of a signal from the D-A Converter.

Transistor networks N1, N2, and their associated circuitry
comprise the slew detecting portion of this chassis. Since N1 and N2 are
identical except for the inputs, only N1 is discussed. (See figures 8-2 and
8-3).

"Plotting Board ready" is applied to the D-A Converter through
resistor R32. If arm #1 and arm #2 are at rest, there are no slew voltages.
The slew signals are the output of the servo amplifiers. The amplitude of
these signals is a function of the amount of slew. They are rectified by CR2
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and CR3 and filtered by R11, R12, and Cl. This signal is applied to one end
of a voltage divider, R20, R21, and R22. R2l is the sensitivity adjustment,
If the slew is large enough, a positive signal is applied to pin 2 of N1. CR6
clamps pin 2 a little above ground. The positive signal cuts off Ql. This
applies a negative voltage to pin 6, which will put transistor Q2 into satura-
tion. 02 draws its current through the coil of K3. When K3 energizes, the
contacts close (normally they are open), applying 0 volts to the D-A Conver-
ter. When the arm and pen complete their slew, the inputs drop. Ol goes
into conduction, cutting off Q2 and de-energizing K3 and again applying =27
volts to the D-A Converter. A slew in either arm applies 0 volts to the D-A
Converter.

The offset function of this chassis involves relays Kl, K2, and
associated circuitry. Again K1 and K2 are identical; therefore only K1 will
be discussed.

If no offset is desired, 0 volts are applied to pin "F", and Kl is
back-biased through R2. The contacts of K1 are open, and no offset voltage
is applied to DC amplifier #2. When -17 volts are applied to pin "F", Kl
energizes and the plus reference is applied across R3 and R5. R5 is ad-
justed for the correct amount of offset. The voltage on the wiper of R5 is
applied via R4 to the summing junction of DC amplifier #2.
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[

Figure 8-1. MEC Model 3010
X-Y Recorder Modified
per IBM Spec. #3218307
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